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DEVICE FOR HEATING A PRESS TOOL 
USING MAGNETIC INDUCTION HEATING; 
PRESS HAVING SUCH A DEVICE, AND 

METHOD OF MANUFACTURE 

This is a continuation of International Application No. 
PCT/SE97/00060, ?led Jan. 16, 1997, that designates the 
United States and claims priority from SWedish Application 
No. 9600130-0, ?led Jan. 16, 1996. 

BACKGROUND AND SUMMARY 

The present invention relates to the heating of a press tool 
mounted in a press. More speci?cally, the invention con 
cerns a device Which is adapted to magnetically heat a press 
tool directly in a press, With the possibility of a subsequent 
rapid cooling of the tool in the press. The invention also 
concerns a press and a method for manufacturing products 
Wholly or partially of plastic or composite. 
When manufacturing products Wholly or partially of 

plastic or composite, use is made of a press, the press tool 
of Which must be heated. This normally takes place by 
removing the press tool from the press, placing it in a 
preheating device, such as a furnace, and after heating, again 
mounting it in the press. Apreheating device is disclosed in 
eg US. Pat. No. 5,023,419. The handling of the press tool 
is very time-consuming, Which means that the number of 
?nished products per hour Will be small. 

With a vieW to reducing the time consumed, it is knoWn 
to provide the press With hot plates, by means of Which the 
press tool is heated in situ in the press. It takes about 10 min 
to heat a tool of 1 kg to a temperature of 200° C. by using 
heat conducted from the hot plates of the press. This is too 
long for economy in large-scale manufacture of components 
Which are Wholly or partially formed of composite. 

After heating, the tool must be cooled. Such cooling is 
normally carried out With Water or, When tool inserts of 
sintered material are involved, With carbon dioxide Which is 
gasi?ed such that a temperature of about —60° C. is 
achieved, or With liquid nitrogen. If the cooling operation is 
sloW or dif?cult to control, and the chemical process in the 
composite therefore cannot be accurately controlled, it is 
impossible to achieve an acceptable quality of the ?nished 
products. 

In the manufacture of products Wholly or partially of 
composite, economy has up till noW been possible only in 
the manufacture of expensive components, since the tech 
nique of today permits but a feW components being manu 
factured per hour. 

One object of the invention is to overcome the above 
described draWbacks of prior art, ie to provide a device 
Which gives rapid and uniform heating of a press tool 
mounted in a press, Without necessitating the removal of the 
press tool from the press. The heating device should be of 
simple design, have high manufacturing capacity and yield 
?nal products of high and uniform quality. 

The inventive device should also alloW rapid, reproduc 
ible and economic cooling of the press tool mounted in the 
press after the above-mentioned heating operation. 

One more object of the invention is to provide an energy 
saving heating device Which can be operated by normal 
circuit voltage. 

It is also desirable to provide a press intended for the 
manufacture of products Wholly or partially of plastic or 
composite, and a manufacturing method, Which achieve the 
above objects. 
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2 
According to the invention, these and other objects, Which 

Will appear from the folloWing speci?cation, have noW been 
Wholly or partially achieved by a device, a press and a 
method according to the present invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention Will noW be described for the purpose of 
exempli?cation and With reference to the accompanying 
draWings, Which schematically illustrate currently preferred 
embodiments. In the draWings, like parts in the various 
embodiments have been provided With the same reference 
numerals. 

FIG. 1 is part-sectional vieW of a ?rst embodiment of the 
invention, in Which the poles of the core are recessed in the 
tool. 

FIG. 2a is a cross-sectional vieW of a second embodiment, 
in Which the tool comprises plates With tool inserts. 

FIG. 2b is a cross-section taken along line B—B in FIG. 
2a. 

FIG. 3 illustrates a third embodiment, in Which the tool 
has tool inserts of a gas-permeable material. 

FIG. 4 illustrates a fourth embodiment, in Which the 
magnetic core consists of tWo movable, horiZontal plates 
Which are in contact With tWo ?xed, vertical plates. 

FIG. 5 illustrates a ?fth embodiment of the invention With 
tWo pole coils each encompassing a pole arranged against 
the tool. 

DETAILED DESCRIPTION 

FIG. 1 shoWs a heating device according to the invention, 
comprising a core 1 of some suitable magnetic material, 
such as a package of laminae of such electric sheet steel as 
used in transformer cores. The core 1 is mounted betWeen 
and abuts against tWo mutually movable jaWs 2a, 2b of a 
press 3. A press tool 4, Which consists of tWo halves, is 
arranged Within the circumference of the core 1. Each half 
comprises a shell tool part 5a, Which at least partly consists 
of metal, and an outer layer 5b of electrically nonconductive 
ceramic material. The tool 4 is adapted to receive a Work 
piece 6, Which consists of a material arranged in the tool 
and/or injected under pressure. 
The core 1 is in the shape of a box With open ends and 

consists of tWo parts 7a, 7b Which are joined together and 
movable in relation to one another. The core 1 has on the 
inside tWo opposite projections 8a, 8b, Which project into 
the tool halves and form magnetic poles When the heating 
device is activated. A ?rst coil 9 is arranged around one 
narroW side of the core 1, and a second coil 10 is arranged 
around the other, opposite narroW side of the core 1. Athird 
coil 11 is arranged inside the core 1 around the tool 4. The 
coils 9—11 are connected in series and to a voltage source 12, 
Which operates With one phase and the Zero of the electric 
mains and gives eg 200 V at 50 HZ. Alternatively, tWo or 
three phases can be used, as Will be described in more detail 
beloW. 

The press tool 4 has in the outer layers 5b cooling ducts 
13, Which are designed for the passing of a liquid or gaseous 
Working medium having a loWer temperature than the tool 4. 
By thermal conduction, heat is conducted from the tool 4, 
Which thus is cooled. Preferably, use is made of a heat 
exchanger 14, Which on its primary side is passed by a 
cooling agent, for instance gaseous carbon dioxide With a 
temperature of —65° C., and Which on its secondary side is 
passed by a Working medium, for instance oil. 

The inventive press 3 is operated in the folloWing fashion. 
First a material, such as a glass ?bre fabric preimpregnated 
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With polymer material, preferably thermoplastic material, a 
so-called prepreg, is supplied to the press tool 4, and then the 
jaWs 2a, 2b are pressed together. As a result, also the parts 
7a, 7b of the core 1, the poles 8a, 8b and the tool halves are 
pressed together. The heating device is then activated by 
applying a voltage to the coils 9—11, Which generate mag 
netic ?elds Which are conducted into the core 1 and in the 
circuit formed by the tool 4 and Which also appear to some 
eXtent outside the core 1. The magnetic ?elds generated by 
the coils 9—11 and conducted through the core 1 Will be 
conducted in the tool 4 and there cooperate for the heating 
thereof. The magnetic ?eld outside the core 1 Will heat, by 
induction, the more peripheral metal portions of the tool 4. 
By using a relatively loW frequency of the applied voltage, 
preferably in the range 16—500 HZ, since higher frequencies 
tend to result in great losses in the core, a satisfactory 
penetration depth into the tool and, thus, a uniform heating 
thereof can be obtained. The frequency should be adapted to 
the thickness of the tool. If a penetration depth of about 2 cm 
is desired, a frequency of about 25 HZ is used. If the tool, as 
Will be described beloW With reference to FIGS. 2a—b, has 
inserts of sintered material for the purpose of letting through 
gases Which are formed during the treatment of the Work 
piece or Which are used for the cooling thereof, the fre 
quency is suitably adjusted such that also the inserts are 
heated to a uniform temperature. 

The inventive device can be used for heat and pressure 
treatment of a large number of combinations of materials. In 
addition to the above-mentioned prepreg, the Workpiece 4 
may consist of, for instance, a combination of ?bre cloth and 
foils of polymer materials or of a compound of ground 
?bres, thermoplastic material and a ?ller. Alternatively, the 
Workpiece may comprise a pre-fabricated ?bre body, Which 
is placed in the tool, Whereupon a liquid plastic material, for 
instance a thermoset plastic such as polyurethane or epoXy, 
is injected into the tool. In this case, the Workpiece is 
normally not cooled immediately after the treatment in the 
press but is postcured in a separate furnace. 

It has been found, for instance, that the embodiment 
illustrated in FIG. 1 can heat a 50 kg press tool to 200° C. 
in about 5 min, Which should be compared With a corre 
sponding heating time of about 60 min by using conven 
tional technique, i.e. heating via hot plates mounted in the 
press. By means of the inventive device, the tool can then be 
cooled to 40° C. in about 2 min. With a process time of about 
2 min per Workpiece, about 8 Workpieces can thus be 
manufactured per hour by using the invention. 

Correspondingly, experiments have been made With a 
press tool of about 1 kg comprising shell tool parts With a 
Wall thickness of about 2 cm. The poles of the core Were 
recessed in the electrically nonconductive ceramic outer 
layers into contact With the shell tool parts. The outer layers 
comprised cooling coils. A thin polypropylene-impregnated 
glass ?bre fabric Was placed betWeen the shell tool halves, 
Whereupon the tool Was closed. By using an inventive 
device, the tool could be heated directly in the press to about 
200° C. in about 5 s, such that the plastic material melted and 
formed a surface layer against the tool Which had a surface 
coating of a suitable release agent. After about 20 s at 
process temperature, the tool Was cooled Within 10 s to about 
40° C. via the cooling coils by using carbon dioXide. 
Subsequently, the ?nished product Was removed and neW 
material Was supplied to the tool. Thus, up to 120 Work 
pieces could be treated per hour. With conventional 
technique, only about 6 Workpieces could be treated per hour 
in the same tool. 

According to a second embodiment as illustrated in FIG. 
2a, the tool 4 comprises tWo plates 15a, 15b Which are 
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4 
coupled to the nonconductive ceramic outer layers 5b. The 
poles 8a, 8b of the core 1 eXtend through the outer layers 5b 
and are in contact With the plates 15a, 15b. The magnetic 
?eld Which is conducted through the core 1 Will also be 
conducted through the plates 15a, 15b. Since each plate 15a, 
15b forms a secondary Winding of one turn each, also the 
plates 15a, 15b are heated by the magnetic ?eld. The outer 
magnetic ?eld from the coil 11 heats the peripheral parts of 
the tool 4 and the plates 15a, 15b by induction. 

Each plate 15a, 15b is provided With a tool insert 16a, 16b 
of a material Which lets through gases from the Workpiece 
and gases that are used for cooling of the tool inserts 16a, 
16b and the Workpiece 6. The plates 15a, 15b can be 
provided With cooling ducts (not shoWn) for rapid and 
reproducible cooling of the plates 15a, 15b and, thus, the 
Workpiece 6. 

If the outer layers 5b are made of a conductive material, 
it may be desirable that only the plates 15a, 15b and not the 
outer layers are heated When the coils 9—11 are activated. 
This can be achieved by each outer layer 5b being designed 
so as not to form a secondary Winding, as shoWn in FIG. 2b. 

FIG. 3 shoWs a third embodiment comprising gas 
permeable tool inserts 16a, 16b Which are mounted in a 
recessed manner in the tool halves. The poles 8a, 8b of the 
core 1 eXtend through the tool halves into contact With the 
tool inserts 16a, 16b. When activating the coils 9—11, the 
tool inserts 16a, 16b are rapidly and uniformly heated to 
process temperature. 

FIG. 4 shoWs a fourth embodiment, Where the core 1 
consists of four plates 17a, 17b, 17c, 17d, of Which tWo 
plates 17a, 17b are movable and arranged to abut against the 
jaWs 2a, 2b of the press 3 and tWo plates 17c, 17d are ?Xed 
and arranged perpendicular to the movable plates 17a, 17b. 
Thus, the tool halves can be pressed together by means of the 
press 3 during Working of the Workpiece 6, While the 
magnetic ?elds are conducted in the core 1, independently of 
the thickness of the Workpiece 6. 

In the above embodiments, the poles 8a, 8b project into 
the tool 4, Which in most cases is preferred since the height 
of the heating device thus is minimised. FIG. 5 shoWs a ?fth 
embodiment, in Which the poles 8a, 8b are arranged against 
the outside of the tool 4. This arrangement is usable, for 
instance, When the tool 4 is relatively thick and comprises 
shell tool parts 5a Without any ceramic outer layer. 
The coil arrangement in FIG. 5 further comprises tWo pole 

coils 11a, 11b Which are each arranged about a pole 8a, 8b. 
This coil arrangement renders it possible to mount the pole 
coils 11a, 11b close to the tool 4 for optimum heating 
thereof. The eXtent of the coils 11a, 11b should be adapted 
to the eXtent of the tool 4. It has been found that the coils 
11a, 11b should be arranged close to the press tool 4, 
preferably at a distance of some centimeters or less. The 
losses Will be reduced drastically if the coils 11a, 11b are 
arranged in contact With the press tool 4. 

It should be emphasised that the invention generally has 
the additional advantage that it also alloWs rational manu 
facture of structures of plastic or composite Which comprise 
metallic inserts, such as reinforcing steel tubes. The metallic 
inserts Will be heated by the applied magnetic ?eld. This can 
hardly be achieved With conventional technique. 
A further advantage of the invention resides in the fact 

that the magnetic ?elds generate vibrations in the press tool, 
Which yield an increased heat transfer and reduces the 
occurrence of air bubbles in the Workpiece. 

In all the embodiments described above, the core 1 
encompasses the press tool 4. This is advantageous since the 
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encompassing core 4 forms a cage Which catches a great part 
of the generated magnetic ?elds, Which are concentrated 
adj acent the press tool 4 by means of the poles and heat the 
press tool. It is certainly conceivable to design the core 1 so 
as to encompass but a portion of the press tool 4. In that case, 
hoWever, the poWer consumption Will be higher and the 
losses Will be greater. 

The press tool 4 is thus heated by magnetic ?elds being 
concentrated therein. Moreover, the pole coil 11 gives an 
inductive heating of the peripheral parts of the press tool 4. 
Eddy currents around the contact surface betWeen the poles 
8a, 8b and the tool 4 also result in a certain heating of the 
tool. 

In the embodiments shoWn, the projections or poles 8a, 8b 
are in direct contact With the shell parts 5a, the plates 15a, 
15b or the tool inserts 16a, 16b. This can result in mutual 
short-circuiting of the steel sheet laminae of the core, Which 
may cause losses and high poWer consumption. It is there 
fore preferred that the tool 4 comprises a thin insulating 
material Which is arranged betWeen the poles 8a, 8b and the 
outside of the shell parts 5a, the plates 15a, 15b or the tool 
inserts 16a, 16b. 

It Will be appreciated that the coil arrangement 9—11 can 
be varied Within the scope of the invention. For example, the 
core coils 9, 10 can be arranged in some other fashion 
around the core 1. Alarger number of core coils can also be 
used. Further a larger number of pole coils 11a, 11b can be 
used, for eXample one around each pole 8a, 8b of the core 
1. It is also conceivable to use only pole coils or alternatively 
only core coils. 

The relative displacement of the poles 8a, 8b can be 
achieved in some other manner. For instance the projections 
forming the poles can be movable in relation to the rest of 
the core 1 and be in contact With the jaWs 2a, 2b of the press 
3. The press force eXerted by the jaWs 2a, 2b is thus 
transferred directly via the poles 8a, 8b to the press tool 4. 

According to a preferred embodiment (not shoWn), the 
press has three heating devices Which are connected to a 
common voltage source and use one phase each thereof. It 
is also conceivable to arrange in one and the same press an 
optional number of individually controllable heating devices 
each heating a part of one or more press tools Which eXtend 
through the heating device. 

It is also possible to provide the core in a heating device 
With several projections or poles arranged in pairs and to 
arrange around each pair of poles one or more pole coils. For 
instance, the core may have three pairs of poles With 
associated pole coils each using one phase of a common 
voltage source. 

I claim: 
1. A device for heating a press tool comprising: 

a core; 

a coil arrangement placed around the core; 

a voltage source connected to the coil arrangement for 
generating a magnetic ?eld in and around the core, and 

the core having a ?rst and a second pole, the ?rst and the 
second pole being separate from each other and de?n 
ing a press tool receiving area for at least partly 
receiving a press tool to be heated, the ?rst pole being 
separately displaceable in relation to the second pole 
such that the ?rst and the second pole are adapted to 
apply a press force to the press tool, and the ?rst and the 
second pole being adapted to conduct the magnetic 
?eld into the press tool such that the magnetic ?eld 
heats the press tool. 
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2. A heating device as claimed in claim 1, Wherein the 

core de?nes a boX-shaped opening adapted to circumscribe 
the press tool. 

3. A heating device as claimed in claim 2, comprising tWo 
core coils arranged around respective portions of the core 
such that magnetic ?elds generated by the core coils coop 
erate in the press tool receiving area. 

4. A heating device as claimed in claim 2, comprising at 
least one pole coil arranged around the ?rst and the second 
pole. 

5. A heating device as claimed in claim 2, Wherein the 
boX-shaped opening has opposing, open ends. 

6. A heating device as claimed in claim 1, comprising tWo 
core coils arranged around respective portions of the core 
such that magnetic ?elds generated by the core coils coop 
erate in the press tool receiving area. 

7. A heating device as claimed in claim 1, comprising at 
least one pole coil arranged around the ?rst and the second 
pole. 

8. A heating device as claimed in claim 1, Wherein the 
core comprises four additional poles formed in pairs, at least 
one pole coil, coupled to a respective phase of the voltage 
source, being assigned to each pair of poles. 

9. Aheating device as claimed in claim 1, Wherein the coil 
arrangement includes a ?rst and a second coil circumscrib 
ing at least portions of the ?rst and the second poles, each 
of the ?rst and second coils being bounded on one end 
thereof by portions of the core. 

10. A heating device as claimed in claim 1, further 
comprising cooling ducts for cooling the press tool. 

11. A heating device as claimed in claim 10, Wherein the 
cooling ducts are arranged to cool a Workpiece in the press 
tool. 

12. A press tool having a heating device comprising: 
a press tool; and 
at least one device for heating the press tool including 

a core, 

a coil arrangement placed around the core, 
a voltage source connected to the coil arrangement for 

generating a magnetic ?eld in and around the core, 
and 

the core having a ?rst and a second pole, the ?rst and 
the second pole being separate from each other and 
de?ning a press tool receiving area in Which the 
press tool is received, the ?rst pole being separately 
displaceable in relation to the second pole such that 
the ?rst and the second pole are adapted to apply a 
press force to the press tool, and the ?rst and the 
second pole being adapted to conduct the magnetic 
?eld into the press tool such that the magnetic ?eld 
heats the press tool. 

13. A press tool as claimed in claim 12, Wherein at least 
portions of the ?rst and the second pole are disposed in 
recesses in the press tool. 

14. Apress tool as claimed in claim 12, Wherein the press 
tool includes at least one tool insert of a gas-permeable 
material, the at least one tool insert being arranged to contact 
at least one of the poles. 

15. A press tool as claimed in claim 14, Wherein at least 
portions of the ?rst and the second pole are disposed in 
recesses in the press tool. 

16. Apress tool as claimed in claim 12, further comprising 
cooling ducts in the press tool. 

17. The press tool as claimed in claim 16, Wherein the 
cooling ducts are arranged to cool a Workpiece in the press 
tool. 

18. A press tool as claimed in claim 12, Wherein the coil 
arrangement includes a ?rst and a second coil circumscrib 
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ing at least portions of the ?rst and the second poles, each 
of the ?rst and second coils being bounded on one end 
thereof by portions of the core. 

19. Apress tool as claimed in claim 12, Wherein the core 
de?nes a boX-shaped opening adapted to circumscribe the 
press tool. 

20. A press tool as claimed in claim 19, Wherein the 
boX-shaped opening has opposing, open ends. 

21. A press; comprising: 
a movable ?rst jaW member; 
a second jaW member; 
a press tool disposed betWeen the ?rst and the second jaW 
member; and 

at least one device for heating the press tool including 
a core, 

a coil arrangement placed around the core, 
a voltage source connected to the coil arrangement for 

generating a magnetic ?eld in and around the core, 
and 

the core having a ?rst and a second pole mounted on the 
?rst and the second jaW member, respectively, on at 
least opposite sides of the press tool such that the ?rst 
and the second pole de?ne a press tool receiving area 
for at least partly receiving the press tool, the ?rst 
pole being separately displaceable in relation to the 
second pole by the movable ?rst jaW member such 
that the ?rst and the second pole are adapted to apply 
a press force to the press tool, and the ?rst and the 
second pole being adapted to conduct the magnetic 
?eld into the press tool such that the magnetic ?eld 
heats the press tool. 

22. A press as set forth in claim 21, comprising three 
heating devices, the voltage source for all three heating 
devices being a common voltage source, the heating devices 
each employing one phase of the common voltage source. 

23. A heating device as claimed in claim 21, Wherein at 
least portions of the ?rst and the second pole are disposed in 
recesses in the press tool. 

24. A heating device as claimed in claim 21, Wherein the 
press tool includes at least one tool insert of a gas-permeable 
material, the at least one tool insert being arranged to contact 
at least one of the poles. 

25. A heating device as claimed in claim 21, further 
comprising cooling ducts in the press tool. 

26. The press as claimed in claim 25, Wherein the cooling 
ducts are arranged to cool a Workpiece in the press tool. 

27. A press as claimed in claim 21, Wherein the coil 
arrangement includes a ?rst and a second coil circumscrib 
ing at least portions of the ?rst and the second poles, each 
of the ?rst and second coils being bounded on one end 
thereof by portions of the core. 

28. A press as claimed in claim 21, Wherein the core 
de?nes a boX-shaped opening adapted to circumscribe the 
press tool. 

29. A press as claimed in claim 28, Wherein the boX 
shaped opening has opposing, open ends. 
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30. A method of manufacturing products, comprising the 

steps of: 
supplying a starting material to a press tool arranged in a 

press, 

applying a pressure to the press tool, 

heating the press tool after ?rst applying the pressure, and 

cooling the press tool after a process time, 

Wherein heating of the press tool is achieved by position 
ing the press tool in a press tool receiving area of at 
least one device for heating the press tool, the press tool 
receiving area being de?ned by a ?rst and a second pole 
mounted on a ?rst and a second jaW member of a press, 
respectively, the ?rst and the second pole forming at 
least part of a core, and the pressure being applied to the 
press tool by separately moving at least the ?rst pole 
together With the ?rst jaW relative to the second pole, 
the ?rst and the second pole being disposed on at least 
opposite sides of the press tool, such that the ?rst and 
the second pole apply the pressure to the press tool, the 
heating of the press tool being further achieved by 
generating, With a voltage source connected to the coil 
arrangement placed around the core, a magnetic ?eld in 
and around the core such that the ?rst and the second 
pole conduct the magnetic ?eld into the press tool to 
heat the press tool. 

31. A method as claimed in claim 30, Wherein the mag 
netic ?eld is generated by applying an electric voltage across 
the coil arrangement, and the core includes magnetic mate 
rial circumscribing the press tool. 

32. A method as claimed in claim 30, Wherein the step of 
supplying the starting material includes arranging a prefab 
ricated ?ber body and injecting a plastic material into the 
press tool. 

33. A method as claimed in claim 30, Wherein the coil 
arrangement includes a ?rst and a second coil circumscrib 
ing at least portions of the ?rst and the second poles, each 
of the ?rst and second coils being bounded on one end 
thereof by portions of the core such that, When the voltage 
is applied to the ?rst and second coils, the magnetic ?eld 
generated by the ?rst and second coils provides substantially 
uniform heating to the press tool. 

34. A method as claimed in claim 30, Wherein cooling of 
the press tool is effected in a controlled manner by passing 
a cooling agent through cooling ducts in the press tool. 

35. The method as claimed in claim 34, Wherein cooling 
of the press tool cools the starting material. 

36. A method as claimed in claim 30, Wherein, upon 
moving at least the ?rst pole together With the ?rst jaW 
relative to the second pole, the portion of the core de?ned by 
the ?rst and second pole de?nes a boX-shaped opening 
circumscribing the press tool. 

37. A method as claimed in claim 36, Wherein the boX 
shaped opening has opposing, open ends. 

* * * * * 


